SUMMARY.-Men employed in a nickel refinery in South Wales were investigated to determine whether the specific risks of developing carcinoma of the bronchi and nasal sinuses, which had been associated with the refining of nickel, are still present. The data obtained were also used to compare the effect of age at exposure on susceptibility to cancer induction and to determine the rate of change of mortality after exposure to a carcinogenic agent had ceased.
are still present. The data obtained were also used to compare the effect of age at exposure on susceptibility to cancer induction and to determine the rate of change of mortality after exposure to a carcinogenic agent had ceased.
Eight hundred and forty five men were studied who had been employed in the industry for at least 5 years and whose first employment was in or before April 1944. All but 27 (3*2 per cent) were traced until death or January 1, 1967.
Altogether 482 of the men had died: 113 from lung cancer and 39 from nasal cancer. In men employed before 1925, deaths from lung cancer varied from about 5 to 10 times the numbers that would have been expected from the corresponding national mortality rates, while the deaths from nasal cancer varied from about 100 to 900 times the expected numbers. Among men first employed in 1925 or after there were 8 deaths from lung cancer against 6*2 expected and no deaths from nasal cancer. The death rate from causes other than cancer was similar to that experienced by men in the same geographical area irrespective of their date of first employment.
Susceptibility to the induction of nasal cancer increased with age at first exposure, but susceptibility to the induction of lung cancer varied irregularly. The trends in susceptibility showed some similarity to the trends in the national mortality among men employed at similar ages. It is suggested that susceptibility to cancer induction is determined by the amount of previous exposure to other agents.
The risk of developing nasal cancer persisted with little change 15 to 42 years after the carcinogen was eliminated whereas the risk of developing lung cancer decreased. If the effects of cigarette smoking and the specific occupational hazard interact, the reduction in the risk of lung cancer could be due to the differential elimination of heavy cigarette smokers.
THE existence of a specific hazard of developing cancer of the nasal sinuses in the nickel industry was suspected in 1927, but was not established until Bradford Hill reported the results of his investigation to the Mond Nickel Company in 1939. By that time it was clear that the hazard also included the development of cancer of the lung. Ten years later these two types of cancer were prescribed as occupational diseases in Great Britain, when they occurred in men working " in a factory where nickel is produced by decomposition of a gaseous nickel compound "; that is, among men who were employed in a refinery in South Wales, where the final process consisted in the production and subsequent decomposition of nickel carbonyl. By the end of 1957, 131 cases of lung cancer and 62 cases of nasal sinus cancer were known to have occurred in nickel refiners in Wales and detailed evidence concerning the development of these two industrial diseases was published by Morgan (1958) and by Doll (1958) . The epidemiological evidence in their reports strongly suggested that the risk was associated with the preliminary steps of the process preceding the formation of nickel carbonyl and that the risk had been eliminated from the industry in Britain by 1925.
Before 1925, a partly refined ore was imported from Canada, which contained sulphides of nickel and copper and a variety of other elements including cobalt, selenium, tellurium, sulphur, and several of the precious metals. Preliminary treatment removed the copper by leaching with an impure form of sulphuric acid containing significant amounts of arsenic. The partially purified material was then subjected to an exceedingly dusty process of calcinatiqn. Tatarskaya's (1967) report of 3 cases of nasal sinus cancer in nickel refiners in the U.S.S.R. supported the conclusion that the hazard was not specifically due to the carbonyl process and the conclusion was confirmed by the demonstration of a substantial hazard of both nasal sinus and bronchial cancer in men employed in dusty occupations such as cupola and furnace work in a refinery in Ontario (Sutherland, 1959; Mastromatteo, 1967) . In all these refineries the electrolytic process, and not the carbonyl process, was used.
Sunderman, however, showed that nickel carbonyl was capable of producing pulmonary squamous and adenocarcinomas in rats (Sunderman, Donelly, West and Kincaid, 1959; Sunderman, 1968) 1934, 1939, 1944, and 1949 and all men were included whose names and numbers were recorded on any two of the sheets, unless they were noted on one of the two sheets as having been in the Armed Forces or transferred elsewhere for war work. By this means the population was limited to men who were likely to have been employed for at least 5 years and follow up was facilitated.
The names of all the men included in the study were identified in the Company's register of new employees. This gave the year when they were first employed and much other information that helped them to be traced. From 1902 to 1933 the register of new employees also gave the men's ages; in later years this was sometimes omitted, in which case it had to be obtained from other sources, such as pension records or death certificates.
All the men included in the study were traced back to their year of first employment and all but 27 (3.2 per cent) were followed successfully to the date of their death or the beginning of 1967, whichever was the earlier. The 27 men who were incompletely followed were excluded from the study from the date when they were last known to have been employed. Copies of the death certificates were obtained for all who had died, and the cause of death was classified according to the rules of the International Classification of Causes of Death (World Health Organization, 1957)*.
Because of the method of selection, no man came under observation until 1939. The man-years at risk were, therefore, calculated oniy for the period 1939 to 1966. The numbers of deaths that would have been expected if the men had suffered the normal mortality experienced in England and Wales as a whole were calculated by multiplying the man-years at risk in each calendar period by the corresponding annual age-specific mortality rates recorded in England and Wales. For nasal cancer age-specific rates were not available before 1950 and the rates for 1950-54 were used for the earlier years. This, however, is unlikely to have introduced any appreciable error, as the crude mortality rate for nasal cancer is known to have remained about the same since the early 1940's.
RESULTS

Disappearance of risk
Eight hundred and forty-five men fulfilled the selection criteria. The numbers studied and the corresponding man years at risk are shown in Table I , grouped 1910 1910 -14 1915 -19 1920 -24 Before 1925 1925 -29 1930 -44 Before 1910 1910 -14 1915 -19 1920 -24 Before 1925 1925 -29 1930 -44 Before 1910 1910 -14 1915 -19 1920 -24 Before 1925 1925 -29 1930 -44 Before 1910 1910 -14 1915 -19 1920 -24 Before 1925 1925 -29 1930 -44 Before 1910 1910 -14 1915 -19 1920 -24 Before 1925 1925 -29 1930 (Morgan, 1958; Doll, 1958 (before 1910, 1910-14, 1915-19, and 1920-24) , age at first employment (under 20 years, 20-24 years, 25-29 years, 30-34 years, and 35 years and over), and the calendar year of observation (1939-41, 1942-46, 1947-51, 1952-55, 1957-61, and 1962-66 (Table  III) . If, therefore, age at first employment-and hence age at first exposure-is and so on. The same calculations were made for each of the other 23 groups defined by the men's year of first employment and the calendar years of observation and the resulting numbers summed for each of the " age at first employment " subgroups. The calculations were then repeated, by standardizing for year of first employment and age at first employment, to obtain the numbers that would have been expected in each calendar period, if the risk of dying of nasal sinus cancer was unaffected by the length of time that had passed since the carcinogen had been X2 for trend = 5-12, n 1, P 0-03 * If age at first employment had no effect on susceptibility to cancer induction. eliminated. The results suggest that, so far as nasal cancer is concerned, susceptibility to induction increases with age (Table IV) and that the risk remains approximately constant for between 15 and 42 years after the carcinogen has been removed from the environment (Table V) . In these tables it will be noted that 40 .01 X2 for trend = 0 95, n = 1, 0-3<P<0 5 * If year of observation had no effect on risk of developing cancer.
cancers have been reported rather than the 39 given in Table II . The reason is that the death of one man with nasal sinus cancer was attributed to myocardial infarction, nasal cancer being mentioned only in part II of the death certificate. When comparisons were made with the mortality expected from national mortality rates this case had to be excluded, but it can be included when comparisons are made within the series. It will also be noted that all the cases of nasal sinus cancer have been regarded as due to the specific industrial carcinogen and that no allowance has been made for the small proportion of cases that might be due to other more general causes. This number is, however, so very small (0 11 of a case) that it can be ignored.
The position with regard to lung cancer is different. The great majority of cases (91) were industrial in origin, but the remainder (14) could be attributed to causes which also affected the general population. It is, therefore, necessary to subtract the fraction of these cases that would have been expected to occur from non-industrial causes from the number that was actually observed in each ofthe 120 " year of first employment ", " calendar year of observation ", and " age of first reduction in risk with the passage of time after the carcinogen was removed from the environment (Table VII) . Both results differ from those obtained for nasal sinus cancer. Neither difference is likely to be due to chance (for the difference between the trends in susceptibility with age, P < 0'01; for the difference between the trends in risk with the passage of time, P = 0.04) and they may reflect some real difference in the way in which the two diseases are produced.
DISCUSSION
One explanation for the greater " susceptibility " of older men to the induction of nasal sinus cancer might have been that men were more likely to be employed in dusty occupations if they were first employed at, say, 30 years of age than if they were first employed under 20 years of age. But if this were so, the older men should also have had a greater risk of developing cancer of the lung. Another explanation is suggested by comparing the trends in susceptibility to cancer induction with the corresponding trends that would have been expected if the men had suffered the normal mortality that occurred in England and Wales over the same period. These trends are shown in Fig. 1 and show that the expected mortality rates also varied in different ways with age at first employment, irrespective of any specific occupational hazards. The steady increase in the expected mortality from nasal sinus cancer resembles the relationship with age of most epithelial cancers. The convex curve recorded for the trend in expected mortality from lung cancer is a well known phenomenon that can be attributed to differences between cohorts of men born at different periods who adopted different smoking habits in adult life (Korteweg, 1951; Case, 1956; Springett, 1966) . It may be, therefore, that the men who belonged to the older age groups when they were first employed in the refinery were, as a group, no more susceptible to the induction of lung cancer than men who were first employed at younger ages because they contained fewer cigarette smokers so that their increased age was compensated for by their relative lack of use of cigarettes. Obvious explanations for the fall in mortality from lung cancer with the passage of time are (i) that the men who were most heavily exposed will have suffered the highest mortality rates so that the survivors will have contained progressively greater and greater proportions of the less heavily exposed, and (ii) that the effect of the carcinogen is progressively attenuated. Neither, however, accords with the observations on nasal sinus cancer which occurred at approximately the same rate for 40 years. To explain the difference in behaviour between the two types of cancer we must postulate either that the carcinogen persists in the nasal sinuses after it is removed from the environment, but not in the bronchi, or that there is some special factor which affects the behaviour of the two types of cancer differently. We have already suggested that differences in the amount of cigarette smoking, which affect the incidence of lung cancer but not of nasal sinus cancer, might account for the different trends in susceptibility to the induction of cancer with age, and it is possible that they may also account for the different trends in risk with the passage of time. If some carcinogens interact with one another to produce their effects it may be that the specific hazard in the nickel refining industry has been greater in cigarette smokers, and particularly in heavy cigarette smokers, than in non-smokers and pipe smokers (see Berenblum, 1967; Doll, 1970 ). An interaction of this type has already been observed in asbestos workers (Selikoff, Hammond and Churg, 1968) and in uranium miners (Lundin, Lloyd, Smith, Archer and Holaday, 1969) and if it occurred in nickel refiners the proportion of men who were at greatest risk of developing the disease would have rapidly diminished. Of the 563 men who were employed before 1925 and who survived long enough to be included in the study 105 (19 per cent) died of lung cancer before the end of 1966. This proportion is large enough to have had a substantial a.ttenuating effect on the number of heavy cigarette smokers, particularly when it is borne in mind that heavy smokers will also have suffered a higher mortality from chronic bronchitis and some other diseases. If the hypothesis is correct, the survivors at the beginning of 1967 (28 per cent of the original cohort) should contain a much smaller proportion of cigarette smokers than other men of the same ages. Unfortunately it has not been possible to obtain the relevant information.
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